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METHOD AND APPARATUS FOR 
POSITIONING A CATHETER RELATIVE TO AN ANATOMICAL JUNCTION 

BACKGROUND 

5 The invention relates generally to a method and apparatus for 

positioning a catheter relative to a junction in a hollow anatomical structure, 
such as a vein, including but not limited to, superficial and perforator veins, 
hemorrhoids, and esophageal varices. The catheter can include an electrode 

; == device having multiple leads for applying energy to the anatomical structure to 

19 cause it to durably assume a ligated form. 

- The human venous system of the lower limbs consists essentially of the 

^ superficial venous system and the deep venous system with perforating veins 

connecting the two systems. The superficial system includes the long or great 
; -- saphenous vein (GSV) and the short saphenous vein. The deep venous system 

IS includes the anterior and posterior tibial veins which unite to form the 

popliteal vein, which in turn becomes the femoral vein (FV) when joined by 
1 the short saphenous vein. As illustrated in FIG. 1, The great saphenous vein 

(GSV) travels through the deep fascia and meets the femoral vein (FV) at the 

sapheno-femoral junction (SFJ). 

20 The venous system contains numerous one-way valves for directing 
blood flow back to the heart such as those valves 20 located in the vein 22 
shown in FIG. 1. The arrow leading out the top of the vein represents the 
antegrade flow of blood back to the heart. Venous valves are usually bicuspid 
valves, with each cusp 24 forming a sack or reservoir 26 for blood which, 

25 under retrograde blood pressure, forces the free surfaces of the cusps together 

to prevent retrograde flow of the blood and allows only antegrade blood flow 
to the heart. Competent venous valves prevent retrograde flow as blood is 
pushed forward through the vein lumen and back to the heart. When an 
incompetent valve 28 is in the flow path, the valve is unable to close because 

30 the cusps do not form a proper seal and retrograde flow of the blood cannot be 



stopped. When a venous valve fails, increased strain and pressure occur within 
the lower venous sections and overlying tissues, sometimes leading to 
additional valvular failure. Incompetent valves may result from the stretching 
of dilated veins. As the valves fail, increased pressure is imposed on the lower 
veins and the lower valves of the vein, which in turn exacerbates the failure of 
these lower valves. A cross-sectional perspective view of a dilated vein with an 
incompetent valve 28 taken along lines 2-2 of FIG. 1 is illustrated in FIG. 2. 
The valve cusps 24 can experience some separation at the commissure due to 
the thinning and stretching of the vein wall at the cusps. Two venous 
conditions which often result from valve failure are varicose veins and more 
symptomatic chronic venous insufficiency. 

The varicose vein condition includes dilation and tortuosity of the 
superficial veins of the lower limbs, resulting in unsightly discoloration, pain, 
swelling, and possibly ulceration. Varicose veins often involve incompetence of 
one or more venous valves, which allow reflux of blood within the superficial 
system. This can also worsen deep venous reflux and perforator reflux. 
Current treatments of vein insufficiency include surgical procedures such as 
vein stripping, ligation, and occasionally, vein-segment transplant. 

Chronic venous insufficiency involves an aggravated condition of 
varicose veins which may be caused by degenerative weakness in the vein 
valve segment, or by hydrodynamic forces acting on the tissues of the body, 
such as the legs, ankles, and feet. As the valves in the veins fail, the 
hydrostatic pressure increases on the next venous valves down, causing those 
veins to dilate. As this continues, more venous valves will eventually fail. As 
they fail, the effective height of the column of blood above the feet and ankles 
grows, and the weight and hydrostatic pressure exerted on the tissues of the 
ankle and foot increases. When the weight of that column reaches a critical 
point as a result of the valve failures, ulcerations of the ankle begin to form, 
which start deep and eventually come to the surface. 



Varicose veins can be treated by intra-luminal ligation. As used herein, 
"ligation" or "intra-luminal ligation" comprises the occlusion, collapse, or 
closure of a lumen or hollow anatomical structure by the application of energy 
from within the lumen or structure. As used herein, "ligation" or "intra- 
luminal ligation" includes electro-ligation. An electrode device is introduced 
into the lumen and RF energy is applied to the wall by the electrode device to 
ligate or close off the lumen. 

The ligation treatment is often commenced at the sapheno-femoral 
junction (SFJ) in order to close down the tributaries in the region and prevent 
the subsequent development of alternate flow paths which can lead to 
recurrent varicosities. Improper placement of the catheter past the SFJ and 
into the femoral vein could cause heating of the blood or vein walls in the deep 
venous system. 

The location of a catheter within the body of a patient is routinely 
detected by the use of imaging equipment, such as ultrasound or X-ray 
equipment. The imaging equipment allows the operator to place the electrode 
catheter near the SFJ. Such a procedure, however, requires transportation of 
the patient to an ultrasound or X-ray facility or, conversely, transportation of 
the ultrasound or X-ray equipment to the patient. Such imaging equipment is 
bulky, requires an additional person to operate the equipment, and can be time 
consuming to use. This can be both inconvenient and costly. Physiological 
factors can also interfere with the resolution of the system and prevent the 
acquisition of a clean image. Moreover, scheduling difficulties may arise based 
on the availability of the ultrasound facility or equipment, thereby delaying the 
minimally invasive treatment which would benefit the patient. 

Although described above in terms of a vein, the concepts are generally 
applicable to other hollow anatomical structures in the body as well. The 
above description has been generally confined to veins in consideration of 
avoiding unnecessary repetition. 



There is a need in the art for an apparatus and method for determining 
the location of a catheter near a junction of an anatomical hollow structure 
within the body of a patient which avoids the need for bulky imaging 
equipment. The present invention fulfills this and other needs. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method of positioning a catheter 
proximate to a junction in a hollow anatomical structure, the method 
comprising the steps of introducing a catheter into the hollow anatomical 
structure; identifying the junction in the hollow anatomical structure based on 
feedback from the catheter without imaging the hollow anatomical structure 
during the treatment; positioning the working end of the catheter proximate to 
the location identified in the step of identifying. 

In another aspect of the invention, the feedback from the catheter is 
light emitted from the catheter, wherein the emitted light is visible externally 
from the patient, and the light disappears as the catheter goes deeper into the 
anatomy as it nears or enters the anatomical junction. 

In another aspect of the invention, the feedback from the catheter is 
magnetically activated. Where the magnetic feedback system is capable of 
detecting the orientation of the working end of the catheter, such as by 
utilizing horizontally-orientated and vertically-orientated magnetic fields 
generated by a hand-held instrument placed adjacent the patient, the location 
of the sapheno-femoral junction can be determined from the change in 
orientation of the working end of the catheter as it dives toward the sapheno- 
femoral junction. In yet another aspect of the invention, the feedback from the 
catheter is a radio-frequency signal from a transmitter located at the working 
end of the catheter. The feedback can also be from an ultrasound transducer 
or transponder. 

In another aspect of the invention, the feedback from the catheter is 
based on a characteristic measured at the working end of the catheter to 



determine the flow rate in the vein. The flow rate should increase going from 
the saphenous vein to the femoral vein at the sapheno-femoral junction. 
Where the flow rate is determined while the vein is undergoing compression, 
the compressed saphenous vein would have zero flow (or near zero flow) 
while the femoral vein would still exhibit some flow since it is deeper in the 
leg. The working end of the catheter can be momentarily energized, and the 
subsequent temperature decay can be used to determine the flow rate. 

In another aspect of the invention, the feedback from the catheter is 
mechanically based on a hook-shaped guide wire which engages the ostium of 
the sapheno-femoral junction. 

These and other aspects and advantages of the present invention will 
become apparent from the following more detailed description, when taken in 
conjunction with the accompanying drawings which illustrate, by way of 
example, embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 shows a cross-sectional view of a vein having competent 
valves and having a dilated section with incompetent venous valves in a lower 
limb which are to be treated in accordance with the present invention; 

FIG. 2 shows a representative view of a venous section with an 
incompetent valve from FIG. 1 taken along lines 2-2 which is to be treated in 
accordance with the present invention; 

FIG. 3 is a cross-sectional view of a vein and a fiber optic device 
introduced as delivered to the sapheno-femoral junction; 

FIG. 4 is a diagram of an energy application system that may be used in 
conjunction with the method of the present invention, depicting a partial 



cutaway view of the first embodiment of the catheter showing both the 
working end and the connecting end with an RF generator and a 
microprocessor connected at the connection end; 

FIG. 5 is a cross-sectional view of the working end of an embodiment of 
a catheter having a fiber optic device at the working end of the catheter in 
accordance with the invention; 

FIG. 6 is a cross -sectional view of the working end of an embodiment of 
a hook-shaped guide wire in accordance with the invention; 

FIG. 7 is a cross -sectional view of the working end of another 
embodiment of a hook-shaped guide wire in accordance with the invention; 

FIG. 8 is a cross-sectional view of the working end of an embodiment of 
a catheter having a hook-shaped tip in accordance with the invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 
As shown in the exemplary drawings, the invention is directed toward 
the positioning of a catheter to a treatment site for the intravenous treatment 
of veins. As used herein, like reference numerals will designate similar 
elements in the various embodiments of the present invention to be discussed. 
In addition, unless otherwise noted, the term "working end" will refer to the 
direction toward the treatment site in the patient, and the term "connecting 
end" will refer to the direction away from the treatment site in the patient. 
Although the use of RF energy is discussed, it is to be understood that other 
forms of energy such as microwaves, ultrasound, direct current, circulating 
heated fluid, radiant light, and lasers can be used, and that the thermal energy 
generated from a resistive coil or curie point element may be used as well. The 
invention will be described in relation to the treatment of the venous system of 



the lower limbs, such as the saphenous vein in the leg. It is to be understood, 
however, that the invention is not limited thereto and may be employed 
intraluminally to treat veins in other areas of the body. 

There are many instances in clinical medicine where detecting the 
location of a catheter within a patient is important, especially in relation to a 
specific part of the anatomy. For treating varicose veins in the leg, often it is 
preferable to begin ligating at the sapheno-femoral junction (SFJ) since, as 
shown in FIG. 1, that is where the highest point of reflux frequently occurs. As 
shown in FIG. 2, reflux occurs because the valves in the vein fail to close 
properly. A catheter 30 carrying an electrode device 32, such as that shown in 
FIG. 4, is introduced into the vein and placed near the sapheno-femoral 
junction (SFJ). The electrode catheter can be placed intraluminally near the 
sapheno-femoral junction (SFJ). Either before or after the location of the SFJ 
has been ascertained, the tissue surrounding the treatment site can be 
compressed via an elastic compression wrap, inflatable cuff, or a tumescent 
anesthesia technique. The tumescent anesthesia technique is described in co- 
pending patent application no. 09/322,326, which is hereby incorporated by 
reference in its entirety. The tumescent anesthesia technique involves a dilute 
anesthetic solution which is injected into the tissue surrounding the vein to be 
treated. The expandable electrode device which has been introduced into the 
patient is then expanded into non-penetrating apposition with the venous 
tissue after compression of the vein. The electrode is then activated, and 
energy such as high frequency RF energy is applied from the expandable 
electrode device to the venous tissue until the vein durably assumes 
dimensions less than or equal to the compressed dimensions. The catheter 
pulled back to ligate or close off an extensive section of the saphenous vein 
(GSV). 

One embodiment of the catheter 30 includes the expandable electrode 
device 56 that moves in and out of the outer sheath by way of the distal orifice 
38, although in other embodiments the device 56 may expand from and 
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contract into the catheter 30 at other locations. The expandable electrode 
device 56 includes a plurality of electrodes 58 which can be expanded by 
moving the outer sheath 36 relative to the electrodes. 

An actuator 76 controls the extension of the electrode device 56 through 
5 the distal orifice 38. The actuator may take the form of a lever 78, switch, 

threaded control knob, or other suitable mechanism, and is preferably one that 
can provide fine control over the movement of the outer sheath 36 or the inner 
sheath 60, as the case may be. In one embodiment of the invention, the 
actuator interfaces with the outer sheath to move it back and forth relative to 

IQ the inner sheath. In another embodiment the actuator interfaces with the 
inner sheath to move it back and forth relative to the outer sheath. 
; Operation of the actuator 76 causes relative movement of the outer 

sheath such that the outer sheath no longer restrains the electrodes, and the 
primary electrodes 58 are moved by the primary leads move outward relative 

15 to the axis defined by the outer sheath, while the central secondary electrode 

59 remains substantially linear along the axis defined by the outer sheath. The 
primary leads continue to move outward until the electrodes are placed in 
apposition with the vein wall and the outward movement of the primary leads 
is impeded. The primary electrodes 58 contact the vein wall along a generally 

20 circumferential area or band of the vein wall. 

When the electrodes 58 are positioned at the treatment site of the vein, 
the RF generator 50 is activated to provide suitable RF energy to produce a 
thermal effect which causes the venous tissue to shrink, reducing the diameter 
of the vein. The primary lead electrodes are pressed closer together by the 

25 shrinking vein wall and assume a reduced profile shape which is sufficiently 
small so that the vein is effectively ligated. 

While ultrasound guidance can be used to determine the location of the 
sapheno-femoral junction (SFJ) for the procedure, the use of ultrasound 
imaging equipment can be both costly and inconvenient. Turning to FIG. 3, 

30 one method of determining the location of the sapheno-femoral junction (SFJ) 
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involves the use of a fiber optic device 35. The fiber optic device 35 is 
introduced into the saphenous vein (GSV) through an incision, and directed 
toward the sapheno-femoral junction (SFJ). The fiber optic device 35 is 
connected to a light source. The light emitted from the fiber optic device 35 is 
5 visible externally from the patient, thereby providing visual feedback to allow 

the physician to monitor the progress and location of the fiber optic device 35 
in the patient. Fiber optic devices often emit light forward in a directional 
manner. The fiber optic device 35 can be constructed to emit light in a radial 
fashion to facilitate external visualization. 

10 The saphenous vein (GSV) travels past the deep fascia as it approaches 

the sapheno-femoral junction (SFJ). The point where the light from the 
fiberoptic device 35 dims or is no longer visible externally from the patient is 
marked to identify the location of the sapheno-femoral junction (SFJ) as an 
anatomical landmark. The length of the fiber optic device 35 that has been 

15 introduced into the patient is recorded. 

When the fiber optic device 35 is removed from the patient, the catheter 
30 is introduced through the same incision for the same length as the fiber 
optic device that was introduced into the patient. Having traveled the same 
distance as the fiber optic device 35, the electrode device at the working end of 

20 the catheter 30 should be proximate to the sapheno-femoral junction (SFJ). 

The electrode device is activated to begin the ligation procedure. Suitable 
electrode catheters and vein ligation techniques are described in co-pending 
U.S. patent application nos. 08/927,251 and 09/267,127, which are hereby 
incorporated by reference. 

25 In one embodiment, the catheter 30 includes a lumen which runs 

substantially along the axis of the inner member before terminating at the 
guide wire port 48 of the handle 44. In one embodiment, the lumen travels 
through the central electrode 59. A guide wire can be introduced through the 
lumen of the catheter for use in guiding the catheter to the desired treatment 

30 site. Instead of using a conventional guide wire, the fiber optic device 35 can 
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be utilized as a guide wire, thereby eliminating the need to remove the fiber 
optic device 35 before the introduction of the catheter 30. The catheter can 
travel over the fiber optic device to arrive at the desired sapheno-femoral 
junction (SFJ). The light-emitting portion of the fiber optic device can be 
configured to emit light in a radial non-directional manner. In another 
embodiment of the catheter, a fiber optic device is combined as part of the 
working end of the catheter, and a conventional guide wire can be introduced 
through the guide wire port and lumen. 

The embodiment shown in FIG. 5 is similar to FIG. 4, except that the 
central electrode 59 has been replaced by an integrated fiber optic device 85 
which emits light in a radial fashion. While the integrated fiber optic device 85 
does not include a separate lumen for a guide wire, it is to be understood that 
a lumen may be formed through the fiber optic device 85. As previously 
discussed, once the fiber optic device travels past the deep fascia layer to near 
the sapheno-femoral junction (SFJ), the emitted light will dim or no longer be 
visible externally from the patient. This configuration avoids the need to 
remove the fiber optic device prior to the introduction of the electrode 
catheter. This configuration also allows for a more direct determination of the 
position of the catheter relative to the sapheno-femoral junction (SFJ). 

In another method, ultrasound can be used to identify the location of 
the patient's sapheno-femoral junction (SFJ) prior to the treatment procedure 
of ligating the vein, but ultrasound imaging need not be used during the 
procedure. The SFJ is identified by ultrasound prior to the procedure, and the 
location of the SFJ is externally marked on the skin of the patient. During the 
procedure, the working end of the catheter is positioned at the externally 
marked location based on the feedback from the signal detection mechanism in 
the catheter. For example, an electromagnetic position sensing system, such as 
that described in U.S. Patent No. 5,645,065, can be utilized. It is to be 
understood that other signal detection and feedback mechanisms such as 
ultrasonic transducers or transponders, and radio-frequency transmitters can 
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be used at the working end of the catheter. The signal detection or feedback 
mechanisms, such as an ultrasonic transducer/transponder or radio-frequency 
transmitter, can also be used in a separate wire over which the catheter is 
advanced or introduced. The feedback mechanism can be in the form of a 
separate wire inserted into a lumen of the catheter, or a sensor integrated into 
the catheter. The working end of the catheter is positioned at the externally 
marked location based on the feedback from the signal detection mechanism. 

In another embodiment, a magnetic position sensing system is 
additionally capable of detecting the change in orientation of the working end 
of the catheter as it dives toward the sapheno-femoral junction (SFJ) to 
indicate the placement and location of the catheter. The catheter can transmit 
or receive a signal based on a magnetic field. In one embodiment, a magnet 
located at the working end of the catheter provides horizontally and vertically 
generated feedback to the sensing system to indicate position and orientation. 
An instrument external to the patient monitors the orientation of the working 
end of the catheter based on the feedback from the magnet. The magnet can 
be integral to the catheter, or part of a separate wire over which the catheter is 
introduced or advanced. The magnet can be either passive (static) or active. 
In another embodiment, the catheter can receive a signal based on a magnetic 
field generated outside the patient. 

One embodiment of the catheter for delivering an expandable energy 
application device or expandable electrode device 56 to the venous treatment 
site is illustrated in FIG. 4. The catheter 30 includes an expandable energy 
application device 56 which in this embodiment, comprises an array of 
electrodes 58, an outer sheath 36 having a distal orifice 38 at its working end 
40. The connector end 42 of the outer sheath is attached to a handle 44 that 
includes electrical connector 46. The handle additionally includes a guide wire 
port 48. The connector 46 is for interfacing with a power source, typically an 
RF generator 50, and a microprocessor controller 52. The microprocessor 
controller receives data from a sensor 54, such as a thermocouple or 
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impedance sensor, at an intraluminal venous treatment site. Although FIG. 4 
illustrates a plurality of electrodes 58 surrounding a single central electrode 
59, different electrode configurations may be used. 

The sensor 54 also provides data signals for determining the flow rate 
5 from the working end of the catheter. The sensor 54 can be a thermocouple to 

measure the temperature decay after momentarily energizing the electrode to 
cause a small heating effect. Another embodiment would be to measure the 
power required to maintain the electrode at a constant temperature. The 
required power to maintain a constant temperature would increase as the flow 
increases. In another embodiment, the temperature rise for a fixed input 
power can be measured. The temperature rise for a fixed input power will 
%1 decrease as flow increases. 

12 With the saphenous vein under compression, the flow rate should 

;= = . increase going from the saphenous vein to the femoral vein at the sapheno- 

iS femoral junction. The compressed saphenous vein would have zero to near 

zero flow while the femoral vein would still exhibit some flow since it is 
'il deeper. 

Another method of measuring flow rate employs a flow wire which can 
be used prior to the introduction of the catheter, or through the central lumen 
20 of the catheter, to determine the flow rate in the vein,, 

The sensor 54 can be an impedance sensor to measure the impedance of 
the surrounding anatomy at the working end of the catheter. Impedance 
measurements can also be used to direct and confirm the specific placement of 
the catheter at the ostium of a vessel such as the SFJ. The impedance will be 
25 low when the electrodes are in the blood stream. A higher impedance value 

indicates electrode contact with the vein wall. 

FIG. 6 illustrates a catheter where a hook-shaped guide wire 87 is 
placed through the central lumen 80. The hook-shaped guide wire 87 can 
have a hook-shaped tip, or be formed from a shape-memory metal so that the 
30 tip would become hook-shaped at a specific temperature, or be fabricated with 
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a flexible tip that could be shaped into a hook pulling on a wire attached 
eccentrically to the flexible tip. The hook-shaped tip would mechanically 
engage the ostium of the sapheno-femoral junction (SFJ). 

Once the tip of the guide wire 87 is mechanically hooked to the SFJ, the 
catheter can be positioned relative to the SFJ. In one method, the length of 
the catheter to be introduced would be determined by the length of the guide 
wire remaining in the target vessel once the guide wire is engaged with the 
SFJ. 

In another method of positioning a catheter relative to the SFJ, 
illustrated in FIG. 7, a mechanical stop is located proximal to the hook-shaped 
tip of the guide wire. The mechanical stop can take the form of a sphere, 
raised bump, or sleeve. As the catheter is introduced over the guide wire, the 
tip of the catheter encounters the mechanical stop which prevents further 
insertion over the guide wire. The distance from the mechanical stop to the 
hook feature positions the catheter tip the desired distance from the SFJ. 

In the embodiment illustrated in FIG. 8, the catheter itself includes a 
hook-shaped tip. The hook-shaped tip can be made integral to the catheter. 
The tip can be preformed into a hook shape, or fabricated from a shape 
memory metal so that the tip would assume a hook shape at a specific 
temperature, or be fabricated from a flexible material that could be shaped 
into a hook pulling on a wire attached eccentrically to the flexible tip. To 
activate the hook shape, the handle of the catheter would include a device to 
cause the heating of the shape memory metal embodiment. In another 
embodiment, the handle would include a mechanism for pulling on a tip- 
deflecting wire attached at the catheter tip. The hook-shaped tip of the 
catheter would mechanically engage the ostium of the SFJ and position the 
catheter electrodes relative to the SFJ before the initial activation of the 
electrodes. Prior to pulling back on the catheter to collapse a length of the 
vein or vessel, the hook-shaped tip is straightened to release the catheter from 
the ostium of the SFJ. 
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It is to be understood that the catheter can include one or more sensors, 
such as thermocouples, mounted in place on an electrode so that the sensor is 
substantially flush with the exposed surface of the electrode. The sensors are 
shown in a raised position in the drawings for clarity of illustration only. The 
sensors can be used in conjunction with the fiber optic device or the hook- 
shaped guide wire to properly position the catheter at the SFJ. 

Although described above in terms of a vein, the concepts are generally 
applicable to other hollow anatomical structures in the body as well. The 
above description has been generally confined to veins in consideration of 
avoiding unnecessary repetition. 

While several particular forms of the invention have been illustrated and 
described, it will be apparent that various modifications can be made without 
departing from the spirit and scope of the invention. Accordingly, it is not 
intended that the invention be limited, except as by the claims. 



